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FOREWORD 
Forest tree planting has occupied an important place in forestry work in Missouri, especially since 1934, when 
the development of the national forests was getting under way. Since planting records have been kept, 86,187,000 
trees have been planted, 5,729,000 during 1953 (Forest Service, 1954). Approximately 23 percent of the planting 
has been done on privately owned lands, the remainder on federal and state lands. 
Much of the early planting was done without the benefit of research, foresters using their best judgment in recom-
mending species and planting practices for different sites. In the plantings on publicly owned land in the southern 
part of the state, shortleaf pine, a component of the natural stands in many sites of that area, was the chief species 
used. The planting operations were given better-than-average supervision by foresters. Observations indicated that 
survival of the planted trees was, on the whole, satisfactory except during the drought years. On privately owned 
lands, largely farms, a greater number of species has been used and the planting sites are more variable than on the 
public lands. It became evident after several years of planting that the tree plantings on private land varied widely in 
degree of success, but in general, the results were disappointing. Undoubtedly, faulty recommendations resulting from 
a lack of research and previous experience with Missouri conditions were responsible for some of the poor results with 
the early tree plantings. There was some evidence, however, that other factors such as failure by the planter to follow 
recommendations carefully were contributing as much or more to the mediocre success. 
Since a considerable area of land in Missouri needed planting-300,000 acres need complete planting and 1.5 
million acres need partial planting to increase their productiveness (King, Roberts, and Winters 1949)- and since 
tree planting represented considerable investment, it became apparent that an investigation would be desirable to ap-
praise the results of past plantings and to determine means of insuring the best results in future planting. For these 
reasons, when the research program of the Forestry Department of the University, with some financial assistance from 
the Forestry Division of the Missouri Conservation Commission, was to be expanded in 1948, it was agreed that the 
forest planting problem should be studied first. This bulletin reports the results of the initial study, which was in the 
form of a survey of plantings made on private lands between 1937 and 1948. It was recognized that such a survey 
had its limitations in providing specific solutions to the tree planting problems, but the belief was held that some of 
the more critical difficulties could be discovered and that the survey would reveal the problems in forestation on which 
intensive research should be done. The survey did accomplish these purposes. 
It is evident from this study that tree planting cannot be done casually. Trees cannot be neglected during the 
period between receipt from the nursery and planting time and then merely be set in the soil. Trees, like other plants, 
must be handled and planted carefully and given adequate care and protection after planting. The data from 
the survey demonstrate that attention must be given to details ifplanted trees are to live and thrive. Attention to 
details in tree planting is probably more important in Missouri than in sections of country that are more favorable to 
tree establishment. Missouri's climate is not ideal for tree establishment. The hot, dry weather which often occurs for 
at least a short period during the growing season can affect tree survival adversely. Winter snows are light and do not 
protect the soil for long. Frost heaving is therefore a factor in tree mortality. Conditions during the springplanting 
season often are not ideal for tree planting, the soils become excessively wet jom copious spring rains. However, plant-
ing usually cannot be postponed until the soil is in better condition because the season is short and if postponement is 
too long, the trees begin growth and will be damaged in planting. The soils, high in silt and clay content, discourage 
rapid root development of trees, which increases the hazards oj drought. Although these natural hazards to good sur-
vival cannot be overcome entirely, the use of good planting practices can minimize their effects. It is evident, however, 
that a great deal oj intensive research in forest-tree planting will have to be done to develop techniques which will 
give constantly good results in tree survival and growth. 
Fl. If. ~estveld 
Chairman 
Department of Forestry 
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INTRODUCTION 
More than a thousand private landowners in 
Missouri have planted a total of 11,4 million forest 
trees each year since 1937. Most of the tree planting 
was done on farms, principally for wind protection, 
soil erosion control, wildlife restoration, and wood 
production. This program was made possible largely 
by the production of trees at nurseries operated by the 
Missouri Conservation Commission and the Soil Con-
servation Service. 
In 1948, after 12 years of tree planting activity 
throughout the state, an evaluation survey was begun. 
The first objective was to determine how well these 
recent forest tree plantings survived and grew. The 
second objective was to seek possible explanations for 
plantation successes and failures. It was expected that 
the findings from this survey would provide valuable 
guidance in the future establishment of successful tree 
plantations in Missouri. A brief report of the first find-
ings was made by Dingle (1952). 
Major soil areas in Missouri 
MISSOURI 
A. Northeast 
B. North Central 
C. Northwest 
D. West Central 
E. River Border 
F. Ozark 
G. Southeast 
Since it was not feasible to investigate all tree 
plantings which had been made since 1937, the survey 
was confined principally to farm plantings established 
from seedlings supplied by the Missouri Conservation 
Commission. A sample was drawn from the names 
and addresses of individuals who purchased planting 
stock from the Missouri Conservation Commission. A 
random sampling procedure was used to insure that 
this sample was representative and well distributed 
throughout the state by species and age. Fifteen hun-
dred plantations were drawn in this manner. They 
were distributed among seven major soil groups (See 
map) , among the nine species used, and among three 
age groups. 
The approximate locations of the 1)00 planta-
tions were noted on county maps by consultation with 
County Extension Agents. It soon became apparent 
that the exact location of many plantations, especially 
those planted by residents of cities and towns, could 
not be determined readily. Only 412 of the 1500 plan-
tations were found. Consequently, when plantations 
could not be found in the field, they were replaced by 
others of the same species, if possible, which were 
encountered by chance in the saine area. One thousand 
and seven plantations were substituted in this manner, 
so that data were obtained on 1419 plantations. This 
procedure, employed as a practical necessity, allowed 
an unmeasurable amount of bias to enter the sampling 
method. For this reason, the results reported in this 
survey, especially average survival, may not reflect the 
actual state-wide averages. 
Two kinds of information were gathered at each 
plantation. Historical data on planting practices were 
obtained through personal interview, usually with the 
planter, but otherwise from friends or neighbors of the 
planter. The most reliable historical records were ob-
tained directly from the planter, especially for young 
plantings where the details were most easily recalled. 
Observation and measurements on survival growth 
and growing conditions were made within e~ch plan~ 
tation. 
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EFFECT OF PLANTING PRACTICES 
ON SURVIVAL 
Planting practices were classified into four main 
groups, condition of planting stock, condition of the 
site, planting method, and plantation care. Within 
each group, three levels of practices were recognized-
good, fair, and poor-so that plantation survival could 
be related to the planting practices which were used. 
Condition of Planting Stock 
The condition of planting stock was classed as 
good, fair, or poor, based on the planter's statements 
with regard to the following: (1) Dormancy of the 
stock when received, (2 ) number of days elapsing be-
tween the delivery of the stock and planting, (3) care 
of stock after its receipt-whether kept in the bundle 
before planting or heeled-in, (4) precautions taken to 
insure that roots were moist when planted, and (5) 
opinion. The opinion of the planter was based .upon 
his impressions regarding (1) presence of mold m the 
bundle, (2) condition of tree toots-whether moist or 
dry, (3) evidence of breakage, rot, and stripping of 
roots, (4) root-top ratio, and (5) dryness of the top. 
The effects of condition of planting stock on sur-
vival are summarized in Table 1. Since species are 
listed according to the number of plantations exam-
ined, greatest reliance can be placed on survival per-
centages near the top of the list. 
Taking all species together, it is evident that 
average survival is related directly to condition of 
planting stock. Average survival from "good" stock is 
more than twice that from stock in poor condition. 
All species similarly show varying degrees of superi-
ority in survival among trees classed as "good" , when 
compared with those classed as "poor." Shortleaf pine, 
osage-orange, black walnut, and green ash exhibit 
little difference in survival from planting stock in the 
fair and poor condition classes. It is possible that for 
these four species the planting stock in the fair and 
poor classes really was quite similar. 
The relatively high average survivals indicated for 
ponderosa pine, eastern redcedar, and jack pine plant-
ings from "fair" stock are probably unreliable because 
they are based on so few plantations. Furthermore, the 
indicated average survival from "good" stock for these 
species may be inordinately low. For example, of the 
27 jack pine plantings from stock classed as good, 14 
were complete failures . Some of these failures may 
have been caused by the use of stock which actually 
was in poor condition, a fact that could not de detected 
with certainty by the survey technique used. 
The survival of black locust and catalpa appears 
to be less affected by condition of planting stock than 
the other species. But even for these species , stock 
should not be planted unless its condition is classed as 
fair or better. For all other species, particularly short-
leaf pine, osage-orange, black walnut, and green ash, 
a reasonably high survival requires first class stock. 
Table 1 reveals that about 18 percent of the 1155 
plantations examined were planted with stock classed 
as fair or poor. This is sufficiently small that it does 
not greatly influence the average survival of 44 percent 
for all conditions of planting stock. Since the survival 
of plantations established with good planting stock 
averaged only 47 percent, it appears that other factors 
have affected successful establishment. Among these 
were condition of the site, planting method, and plan-
tation care discussed in the following sections. 
TABLE 1 -- AVERAGE SURVIVAL AS RELATED TO CONDITION OF PLANTING STOCK AND SPECIES 
Condition of Planting Stock 
Good Fair Poor Total 
Plant- Plant- Plant- Plant-
ings Average ings Average ings Average ings Average 
Exam- Surviv- Exam- Surviv- Exam- Surviv- Exam- Surviv-
ined al ined al ined al ined al 
SpeCies (No.) (%) (No.) (%) (No.) (%) (No.) (%) 
Shortleaf pine 208 45 17 19 23 20 248 41 
Black locust 205 67 16 62 14 50 235 66 
Ponderosa pine 104 27 4 44 16 2 124 24 
Osage-orange 86 45 13 27 13 27 112 41 
Black walnut 91 33 6 17 7 19 104 31 
Green ash 92 61 6 22 4 25 102 58 
Eastern redcedar 83 35 2 42 13 24 98 34 
Catalpa 78 50 8 43 8 35 94 48 
Jack pine 27 28 4 40 7 11 38 26 
Total Number 974 · 76 105 1155 
Average Survival 47 35 23 44 
STATION BULLETIN 640 5 
Condition of the Site 
The condition of the site at the time of planting 
was classed as good, fair, or poor based on the plant-
er's recollections and general impressions with regard 
to (1) density of both ground and overhead cover, (2) 
degree of accelerated soil erosion, and (3) method of 
site preparation. Plantings in heavy sod or rank weed 
growth, without prior plowing, were placed in the 
poor site condition class. Severely eroded or gullied 
sites, regardless of ground cover, were also classed as 
poor. Sites were placed in the good condition class if 
dense vegetal cover was removed by plowing or 
"scalping" and if there was little or no evidence of soil 
erosion. In general, the following guide was used: 
Condition of the Site 
Good Fair Poor 
Density of compet· 
ing vegetation Sparse medium weed heavy sod 
Degre~ of soil 
erOSlOn slight moderate severe (gullied) 
Method of site 
preparation plowed scalped none 
The average survival percentages are summarized 
by species and site condition in Table 2. Poor condi-
tion of the site had a definite adverse effect on the sur-
vival of all species, especially osage-orange, black wal-
nut, green ash, and catalpa. The survival of the three 
species of pine was less affected by condition of the 
site. Black locust and eastern red cedar showed a mod-
erate reduction in survival. Taking all species together, 
poor condition of the site is likely to account for 10 
percent lower survival than sites in good condition for 
planting. The value of removing a heavy sod or dense 
weed cover is especially important for the more exact-
ing hardwood species. . 
Planting Method 
Information obtained from the planter formed 
the basis for recording whether the planting method 
was good, fair, or poor. Hole methods (center or side) 
were considered to be good, various methods of plow-
ing and backfurrowing were classed as fair, and slit 
and dibble planting methods were considered to be 
poor. It was assumed that hole methods of planting 
would be superior to slit methods for the predomi-
I 
TABLE 2 -- AVERAGE SURVIVAL AS RELATED TO CONDITION OF THE SITE AND SPECIES 
Condition of the Site · 
Gooo Falr Poor Total 
PIant- PIant- Plant- Plant-
ings Average ings Average ings Average ings Average 
Exam- Surviv- Exa.m- Surviv- Exam- Surviv- Exam- Surviv-
ined al ined al ined al ined al 
Species (No.) (%) (No.) (%) (No.) (%) (No.) (%) 
Shortleaf pine 93 43 49 42 · 112 38 254 41 
Black locust 57 71 79 75 104 64 240 69 
Ponderosa pine 62 26 19 23 45 21 126 24 
Osage-orange 30 60 31 44 52 29 113 41 
Black walnut 32 40 18 37 54 24 104 31 
Green ash 34 70 29 65 41 43 104 58 
Eastern redcedar 41 39 12 48 46 28 99 35 
Catalpa 36 59 20 64 39 30 . 95 48 
Jack pine 16 29 7 27 19 24 42 26 
Total Number 401 264 512 1177 
Average Survival . 48 55 38 45 
TABLE 3 -- AVERAGE SURVIVAL AS RELATED TO PLANTING METHOD AND SPECIES 
Planti~ Method 
Good Fair Poor Total 
Plant- Plant- Plant- Plant-
ings Average ings Average ings Average ings Average 
Exam- Surviv- Exa.m- Surviv- Exam- Surviv- Exam- Surviv-
ined al ined al ined al ined al 
Species (No.) (%) (No.) (%) (No.) (%) (No.) (%) 
Shortleaf pine 149 41 89 42 12 38 250 41 
Black locust 125 66 102 64 9 70 236 65 
Ponderosa pine 81 24 36 27 6 22 123 24 
Osage-orange 58 45 50 35 3 31 111 41 
Black walnut 57 35 39 27 8 21 104 31 
Green ash 63 63 34 49 2 78 99 59 
Eastern redcedar 55 34 34 40 3 25 92 36 
Catalpa 49 48 43 50 1 0 93 48 
Jack pine 26· 26 14 28 1 0 41 26 
Total Number 663 441 45 1149 
Average Survival 45 45 38 45 
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nantly"heavy" soils of Missouri . This assumption was 
based on research results from other states of the north 
central region. 
The relationship of good, fair and poor methods 
of planting to survival of the several tree species is 
shown in Table 3. The improvement in survival from 
38 percent for plantings established by poor methods 
to 45 percent for plantings established by good meth-
ods was statistically significant, but had no practical 
importance. The survival of osage-orange and black 
walnut, however, was greatly increased by proper 
planting methods. 
The use of a good planting method is no assur-
ance that satisfactory survival will result. One man 
may achieve a better survival with slit planting, for 
example, than another man who does a poor job of 
hole planting. This illustrates the desirability of close 
supervision of a planting operation by a skilled and 
conscientious person. 
It was more difficult to secure unbiased informa-
tion about the method of planting than it was to get 
reliable information about any of the other factors of 
establishment treatment. It appeared that most in-
formants were reluctant to admit that a poor planting 
method contributed to the failure of a plantation. In 
fact, more than 85 percent of the informants described 
good or fair methods of planting. It is also possible 
that good methods were used at the start of the plant-
ing, but poor methods were resorted to before the 
planting was finished, and were not reported to the 
interviewer. 
Plantation Care 
Plantation care, the fourth factor of establishment 
treatment, was classed as good, fair , or poor chiefly 
from field observation. Information from the planter 
was relied upon only if the plantation was a complete 
failure. A plantation was classed as having had good 
care when it had been ptotected adequately from graz-
ing and fire, and when it had been treated to control 
competing vegetation by cultivation, mulching, or 
brush cutting. Plantations were classed as having had 
fair care when only protection from grazing and fire 
was provided. Where neither adequate protection nor 
control of competing vegetation was provided, the 
care was classed as poor. 
The effect of plantation care on survival of the 
several tree species is summarized in Table 4. The 
average survival for all species was 59, 50, and 35 per-
cent for plantings getting good, fair, and poor care. 
For all species, then, inadequate protection and care 
accounted for a survival which was 24 percent lower 
than the average survival with good plantation care. 
Except for osage-orange and black locust, the 
individual species followed this downward trend in 
average survival from good to poor plantation care. 
It appears that osage-orange and black locust may 
survive better if the herbaceous vegetation is not re-
moved. This could indicate that these two species may 
need the protection afforded by a moderate amount of 
herbaceous cover. . 
It is noteworthy that 47 percent of the plantations 
received what was considered to be poor care, deter-
mined largely from field evidence. Failure to provide 
adequate protection ftom grazing animals was one of 
. the chief reasons for deciding that plantations had had 
poor care. Fences around forest plantings in isolated 
places tended to be poorly maintained, and did not 
exclude livestock. Windbreak plantings (Figure 1) 
near farmsteads were frequently used for calf, sheep, 
and hog lots. Even when such use was incidental, the 
land owner seldom recognized the damage to the 
trees. Fire scars were frequently observed on planted 
trees, evidence of failure to provide adequate fire pro-
TABLE 4 -- AVERAGE SURVIVAL AS RELATED TO PLANTATION CARE AND SPECIES 
plantation Care 
·Good Fair Poor Total 
. Plant- Plant- Plant- Plant-
ings Average ings Average ings Average ings Average 
Exam- Surviv- Exam- Surviv- Exam- Surviv- Exam- Surviv-
ined al ined al ined al ined al 
SpeCies (No.) (%) (No.) (%) (No.) (%) (No.) (%) 
Shortleaf pine 33 54 108 47 114 30 255 40 
Black loe ust 23 73 105 74 114 55 242 65 
Ponderosa pine 18 5i 56 24 57 16 131 24 
Osage-orange 10 47 35 60 70 32 115 42 
Black walnut 12 48 38 41 54 22 104 32 
Green ash 11 85 53 59 45 50 109 58 
Eastern redcedar 12 58 37 35 49 28 98 34 
Catalpa . 9 68 48 53 41 39 98 48 
Jack pine 2 40 19 40 21 13 42 26 
Total Number 130 499 565 1194 
Average Survival 59 57 35 44 
tec tion . Many plantings were in need of a cutting 
which would release the planted trees from strong 
co mpetition by brush. Landowners seldom realized 
thi s need for release cuttings. 
Importance of Good Planting Practices 
In order to contrast the effects of good and poor 
techniques in the four planting practices on plantation 
survival, the data from Tables 1-4, inclusive, are sum-
marized in Table 5. 
These data clearly show that a higher survival 
results when good planting practices are used . Aver-
aging 12 percent higher, good practices resulted in 18 
percent higher survival for black locust, osage-orange, 
green ash, and catalpa. For all species , the differences 
in survival were statistically significant. Tables 1 to 4, 
TABLE 5 -- AVERAGE SURVIVAL IN PERCENT BY 
SPECIES AS RELATED TO PLANTING PRACTICES 
Species 
Shortleal pine 
Black loc ust 
Ponderosa pine 
Osage-orange 
Black walnut 
Green ash 
Eastern redcedar 
Catalpa 
Jack pine 
Average 
PIanting Practices 
GoOd Poor 
44 33 
68 59 
27 16 
48 30 
35 22 
65 46 
37 27 
52 34 
28 17 
47 35 
when combined, also indicate that survival is generally 
better for good than for fair practices, and better for 
fair than for poor planting practices. It is apparent 
from these five tables that good planting practices 
can mean the difference between good and poor sur-
vival, and consequently the initial success or failure of 
the plantation. Since these practices are largely man-
controlled, it follows that initial success or failure of 
tree plan tings is determined to a considerable degree 
by man. 
Under severe conditions of site, such as are en-
countered in drought years, good practices in the es-
tablishment and care of plantings are of correspond-
ingly greater im portance in the reduction of losses. 
U ing good planting practices during the 1953 
drought year, the Department of Forestry at the 
University of Missouri obtained good survival with 
I-year old seedlings of scotch and jack pine. Survival 
ranged from 55 to 81 percent, and was related directly 
to seedling size and quality. 
Figure 1. . - An effective farmstead windbreak result-
ing from good planting practices, including a fence to ex-
clude livestock. 
The importance qf good planting practices is 
most apparent when those plantings classed as good in 
every respect are contrasted with those which are poor 
in every respect, as shown in Table 6. 
Grouping the data in this manner clearly reveals 
that planting practices must be ((good" in all re-
spects, before satisfactory survival can be expected. 
Plantation failure can result from poor practices in 
anyone of the four major establishment factors even 
though good practices are employed in the other 
three. If poor practices are used throughout, almost 
complete plantation failure results . 
Since tree planting like the planting of an y farm 
crop, is an investment of time and money, only the 
best practices are justified. These include good plant-
ing stock, a well-selected and properly prepared site, 
proper planting methods, and adequate protection and 
care after planting. All of these are factors over which 
man has the dominant control. 
TABLE 6 -- AVERAGE SURVIVAL IN PERCENT BY i 
SPECIES AS RELATED TO SATISFACTORY AND 
UNSATISFACTORY PLANTING PRACTICES 
PtariUng Practices 
SpeCies Satisfactory!! Unsatisfactory.!! 
Shortleal pine 66 13 
Black locust 84 39 
Ponderosa pine 36 7 
Osage-orange 68 10 
Black walnut 40 14 
Green ash 82 19 
Eastern redcedar 51 11 
Catalpa 59 13 
Jack pine 55 6 
!7 Includes only those plantings which were classed as good 
in all four of the major planting practice groupings. 
V Includes only those plantings which were classed as poor 
in one or more of the criteria of establishment. 
Figure 2.-Excellent growth and vigor of ponderosa 
pine plantation near St. Louis, unaffected by the prevail-
ing brown spot disease. 
Figure 3.-Ponderosa pine plantation virtually wiped 
out by a brown spot disease, 15 years after planting. This 
disease has seriously affected a majority of the plantings of 
chis species. 
VARIATION IN SURVIVAL AND 
GROWTH BY SPECIES 
Survival 
Throughout the first six tables there appears to be 
an appreciable variation in survival which is dependent 
upon the species. This variation is most accurately 
reflected in the survival percentages of plantations 
established by satisfactory practices in all respects, as 
shown in Table 6, since this grouping reduces the ef-
fect of planting practices to a minimum. As deter-
mined by statistical tests, the survival of black locust 
and green ash was significantly higher than that of all 
other species; the survival of osage-orange and short-
leaf pine was significantly higher than that of eastern 
redcedar, black walnut, and ponderosa pine; and the 
survival of jack pine was significantly higher than that 
of ponderosa pine. (See Figures 2 and 3.) Other ap-
parent differences in survival were due to chance more 
than 5 percent of the time, and were not considered to 
be statistically significant. 
These same general relationships are apparent in 
the survival percentages shown under ((good planting 
practices" in Table 5 and in the actual average survival 
of all plantations included in the investigation, regard-
less of planting practices, as shown in Table 7. 
TABLE 7 -- AVERAGE SURVIVAL OF TIlE MAJOR T~E 
SPECIES IN ALL PLANTATIONS INVESTIGATED1! 
Species 
Shortleaf pine 
Black loc ust 
Ponderosa pine 
Osage-orange 
Black walnut 
Green ash 
Eastern redcedar 
Catalpa 
Jack pine 
Total Number 
Plantations 
Visited 
(No.) 
274 
250 
143 
121 
117 
120 
106 
106 
46 
1283 
Average 
Survival 
(%) 
40 
64 
25 
42 
31 
57 
34 
48 
26 
Average Survival 44 
!7 Includes plantings of these species which could not be 
classified with respect to planting practices, but does not 
include 136 plantings of minor species. 
An important feature of the data in Table 7 is 
that these survival percentages, within the limitations 
of the survey procedure, most nearly represent the 
average survival for these species throughout the state. 
It should be emphasized that these averages are prob-
ablv biased toward higher survivals than those which a 
truly representative sample would have yielded. 
With satisfactory planting practices, as shown in 
Table 6, all species except black walnut and ponderosa 
pine had average survivals greater than 50 percent. 
Under average conditions of establishment however 
only black locust and green ash have survi~als abov~ 
50 percent. Even these two species have survivals 
which are 20 to 25 percent higher under satisfactory 
establishment conditions than under average state-
wide conditions. 
When the state-wide averages from Table 7 are 
compared with those in Table 6, it is apparent that 
plantations established under satisfactory conditions 
had survi vals ranging from 9 to 29 percent higher 
than the average for all plantations. Jack pine, short-
leaf pine, osage-orange, and green ash showed the 
most marked increase in survival as a result of satis-
factory planting practices. These same species likewise 
had the widest span between satisfactory and unsatis-
factory survival, as shown in Table 6. 
Although a survival of 50 to 80 percent appears 
to be a reasonable expectation from satisfactory plant-
ing practices for all species except black walnut and 
ponderosa pine, only black locust and green ash are 
likely to be this successful under average current prac-
tices and conditions. Catalpa, osage-orange, and short-
leaf pine ~ppear to have a fair chance for a 40 to 50 per-
cent survIval under average practices and conditions. 
On the other hand, eastern red cedar, black walnut, 
jack ,Pine, and ponderosa have only 25 to 35 percent 
survlval under average practices and conditions. Of 
these four species, jack pine shows the greatest im-
prov~ment in survival as a result of good planting 
practices. On the other hand, black walnut, even with 
satis~actory planting practices in every respect, has a 
s~rvlval of only 40 percent, which is only 9 percent 
?Igher than the average for all walnut plantings exam-
l~ed. It appears that successful plantings of this 
hIghly-prized species will require a marked improve-
ment in planting practices, including the selection of 
suitable planting sites. (See Figure 4.) 
Growth 
The average heights of all eleven-year-old plant-
ings, including those established by both good and 
poor planting practices, are shown in Table 8. 
By eliminating the younger plantations from this 
listing, it was expected that valid species comparisons 
could be made, unaffected by differences in age, cli-
mate, and planting stock. Furthermore height growth 
of the oldest trees should provide the best average 
Figure 4. -A black walnut plantation making ex-
cellent growth on a good bottomland site. These trees, 14 
years old, average 5 inches in diameter at breast height and 
are 35 feet tall. 
expression of the relative growth potentialities of each 
species. 
As in the case of average survival (Table 7) black 
locust was in a class by itself, excelling all other species 
in average height growth. Green ash ranked second in 
growth rate, with catalpa, shortleaf pine, and black 
walnut grouped in third place. Osage-orange and east-
ern redcedar were fourth, and ponderosa pine had the 
slowest growth rate of the several species studied.] 
These growth data are conservative estimates of 
the growth rates which these species are capable of 
attaining under satisfactory conditions. Poor planting 
practices are known to retard for several years the 
height growth of those trees which survive. Better 
growth rates can certainly be expected on sites which 
are more suitable to the species. Furthermore, even at 
eleven years of age, these species may not have reached 
the age of most rapid height growth. 
TABLE 8 -- AVERAGE HEIGHTS OF ELEVEN-YEAR-OLD 
PLANTINGS BY SPECIES 
Average 
Species!! ~;~~~~ 
Black locust 20. 7 
Green ash 15.1 
Catalpa 13.4 
Shortleaf pine 13.2 
Black walnut 12.7 
Osage-orange 11.3 
Eastern redcedar 10.6 
Ponderosa pine 9.8 
!I Jack pine is not listed because there was only one 
plantation of this age. 
J Br?wn spot needle disease, cau ed by Sptoria acicola (Thurn.) ace. ha resulted in serious defoliation, marked 
r~tardat1o.n of gr?wth, and death. of 6-12 year-old ponciero a pine trees experimentally planted in Missouri, espe-
Clally durmg mOlst seasons on ~Olls with poor internal drainage. 
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EFFECT OF SITE FACTORS ON 
SURVIVAL AND GROWTH 
Precipitation 
The possible relationships between precipitation 
and plantation survival and height growth were ex-
plo~ed briefly. It was believed that the effects of precip-
It~tlO~ would be more apparent than any other single 
clImatIc factor. Precipitation records were readily avail-
abl:: from U. S. Weather Bureau stations near the plan-
tatIons. 
For this analysis, only those plantations were 
~elected which had had satisfactory planting practices 
10 every respect and were located on open, relatively 
level, uneroded, upland sites. Precipitation records for 
these plantations were accumulated by months for two 
years, beginning with the month of plantation estab-
lishment. A simple graphic analysis revealed that the 
rel~tionships betw~en monthly and seasonal precipi-
tatIon and (1) survIval, and (2) height growth could 
not be demonstrated by this gross procedure. This does 
not necessarily mean that no relationship exists. It 
could indicate, however, that there was adequate pre-
cipitation at the right times during the early years of 
these plantings, chiefly between 1937 and 1942. Since 
there were no serious drought years during this period, 
it is possible that these plantations actually did get 
sufficient moisture, so that any differences in survival 
and height growth were very small. It is apparent that 
the effects of precipitation on early survival and growth 
can best be demonstrated by carefully designed studies 
on selected plantations, especially when years of high 
and low precipitation during the growing season are 
included in the study period, and monthly measure-
ments are possible. Tree plantings made during the 
severe droughts of 1952, 1953, and 1954, for example, 
were generally failures in spite of good planting prac-
tices and local site conditions. The summers were 
simply too dry and tOO hot for tree seedlings to sur-
vive. 
Aspect 
Many studies have shown that survival and 
growth of forest plantations are frequently related to 
aspect, or the direction in which a slope faces. The data 
in Table 9 suggest a relationship between aspect and 
survival which is in general agreement with the find-
ings of Lunt (1939), Auten and Plair (1949), and 
Limstrom and Merz (1949) . 
These data indicate that the average survival of 
these species was consistently higher on the cool north 
and east aspects than on the warm south and west as-
TABLE 9 -- AVERAGE SURVIVAL IN PERCENT AS 
RELATED TO ASPECT. AND SPECIES 
SpeCies 
Black locust 
Green ash 
Catalpa 
Osage-orange 
Shortleaf pine 
Jack pine 
Eastern redcedar 
Black walnut 
Ponderosa pine 
Aspect 
North and East South and West 
(Cool and Moist) (Warm and Dry) 
67.0 62.0 
59.4 55.6 
53.0 43.7 
48.0 38.6 
43.5 37.4 
40.8 19.7 
38.6 32.0 
31.2 27.6 
31.2 20.2 
pects. This differen€e ranged up to 21 percent for jack 
pine, and was 11 percent for ponderosa pine and 4 to 9 
percent for the other species. It may be of more than 
passing interest that jack pine, the species most affect-
ed by differences on aspect, was latitudinally the most 
removed from its native range in the Lakes States, 
upper New England, and Canada. 
The higher survival on the cool north and east 
aspects is most readily explained by the moisture con-
ditions which prevail on these slopes. Other things be-
ing equal, the soils on cool aspects are less likely to 
become as dry as those on warm aspects, especially dur-
ing hot dry periods which characterize Missouri sum-
mers. Young trees on these cool aspects, therefore, are 
more likely to have sufficient soil moisture during the 
first critical years after planting. 
The excessively high temperature of exposed soil 
surfaces on south and west aspects may also cause mor-
tality among young tree seedlings, as pointed out by 
Shr~ve (1924), Anonymous (1937), Munger (1943), 
and Rudolf (1950). 
Major Soil Areas 
The state of Missouri was subdivided into seven 
major soil areas based on information presented by 
Krusekopf (1945). These areas, shown in Figure 5, 
represent broad physiographic regions characterized by 
distinctive geology, soil series, and native vegetation. 
Since the native vegetation ranges from prairie grass in 
northwest Missouri through oak and pine forests of 
the Ozarks to bottomland hardwoods in southeast 
Missouri, it was thought that survival and growth of 
forest tree plantations might also be associated with 
these and other prairie-forest transitional areas. . 
An analysis was made of plantings established by 
planting methods that were satisfactory in every re-
spect. By this selective procedure, all plantations were 
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eliminated from consideration if there '(las SC!lle possi-
bility that any factor of establishment treatment might 
mask the effect of soil area. Accordingly, only a small 
number of plantations could be used to determine the 
possible effects of soil areas on average survival and 
height growth. 
Sufficient data were available, however, for simple 
statistical tests to be applied to six species. Differences 
in survival which were significant at the 5 percent level 
by the "t" test are shown in Table 10. Differences in 
survival which were less than 20 percent were, in gen-
eral, not statistically significant. 
TABLE 10 -- RELATIONSHIP BETWEEN SOIL AREA AND 
SURVIVAL BY SPECIES 
Species 
Shortleaf pine 
Shortleai pine 
Black locust 
Ponderosa pine 
Ponderose pine 
Black walnut 
Green ash 
Green ash 
Green ash 
Catalpa 
Catalpa 
Catalpa 
Catalpa 
Soil Area Comparison 
Soil 
Areas 
E-A 
E-C 
E-F 
E-B 
E-f 
B-A 
E-D 
E-F 
A-F 
A-C 
A-E 
G-C 
G-E 
Survival 
Percentages 
51 - 31 
51 - 27 
75 - 51 
41 - 15 
41 - 15 
45 - 18 
76 - 47 
76 - 33 
69 - 33 
62 - 30 
62 - 24 
60 - 30 
60 - 24 
Difference 
20 
24 
24 
26 
26 
27 
29 
43 
36 
32 
38 
30 
36 
This table suggests that appreciably higher sur-
vival can be expected from properly established tree 
plantings in the northeast, river border, and southeast 
regions than from those in the northwest, west and 
ozark regions. Table 10 also indicates that properly 
established plantings in the river border region, area E, 
tend to have higher survival than in other areas of the 
state. Where soil area E is shown to have higher sur-
Figure 5. -Major Soil Areas In Missouri 
MISSOURI 
A. Northe"!'t 
B. North Central 
C. Northwest 
D. West Central 
E. River Border 
F. Ozark 
G. Southeast 
vival, an expected relationship is confirmed. This re-
gion, containing deep, immature, loessial soils, con-
tinues to support thrifty stands of timber as remnants 
of the original hardwood forest. It is logical to expect 
that that these forest soils would afford higher plan-
tation survival than the prairie soils to the north and 
west. Furthermore, these "river-hill" soils are naturally 
richer and more productive than those to the south in 
. soil area F, the Ozark region. 
The comparatively low survival of properly plant-
ed hardwood species on Ozark soils may be related to 
the poor structure and fertility which these soils· are 
generally considered to have. Many of the upland soils 
in the Ozarks were "born poor", becoming even less 
productive after exhaustive land-use practices. Old 
fields in this area were not abandoned from cultivation 
or grazing until they had been thoroughly depleted. 
Tree planting on such sites is hazardous at best. Natu-
ral succession of these severely depleted old fields to 
desirable tree species is very slow, again indicating that 
low survivals can be expected. 
It should be pointed out that only 13 of 126 poss-
ible comparisons between the seven soil areas and six 
tree species showed significant differences in survival. 
This clearly demonstrates that even large differences in 
survival between one soil area and another are seldom 
larger than differences within the soil areas them-
selves. It is apparent that to demonstrate clear-cut 
differences in survival, as between major soil areas in 
Missouri, would require more plantations which are 
otherwise more nearly comparable than those which 
formed the basis for this study. 
Height 
Height growth for eleven-year old plantings was 
similarly analyzed by soil areas and species . For most 
species, a minimum difference of 8 feet l was necessary 
for statistical significance. Table 11 presents these data, 
the only differences which were significant. 
TABLE 11 -- RELATIONSHIP BETWEEN SOIL AREA AND 
HEIGHT GROWTH BY SPECIES 
Species 
Shortleaf pine 
Black locust 
Black locust 
Osage-orange 
Osage-orange 
Osage-orange 
Osage-orange 
Black walnut 
Black walnut 
Green ash 
Green ash 
Soil Area Comparison 
Soil Average 
Areas Height 
E - F 15 - 12 
C - F 26 - 18 
E - F 26 - 18 
B - A 20 - 6 
D - A 12 - 6 
B - C 20 - 11 
B - D 20 - 12 
C - B 15 - 7 
C - G 15 - 6 
B - A 18 - 10 
B - D 18 - 8 
Difference 
3 
8 
8 
14 
6 
9 
8 
8 
9 
8 
10 
1 A minimum difference of only 3 feet for shortleaf pine was 
sufficient to be significant for comparing soil areas E and F. 
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Again, as with survival, the wide variety of sites 
within a soil area caused differences in height growth 
which were usually as large or larger than the differ-
ences between the seven soil areas. Significant differ-
enc~s were found for only 11 of the possible 126 com-
pansons. 
The data in Table 11 should not be interpreted 
to indicate the general superiority of a soil area for the 
growth of a given species. Only conclusions for the 
specific instances listed should be made. Soil area E, 
for example, appears to be better for the growth of 
planted shortleaf pine than soil area F, but there is no 
other case of the superiority of a soil area for the 
growth of planted shortleaf pine. 
The slow growth of planted shortleaf pine in the 
Ozarks is probably below that which can be expected 
on good pine sites (Figure 6). Twelve feet in 11 years 
was the height of pine plantations found in the 
Ozarks. These plantations were usually located on old 
fields, abandoned after years of exhaustive cultivation 
or grazing. Such sites reasonably would be expected to 
produce slower-growing pine trees now than original-
ly. On the other hand, the faster height growth of 
pines similarly planted in the river border region may 
indicate that these soils, originall y more productive 
than Ozark soils, also have not been depleted to the 
same extent. 
Soil Erosion 
An effort was made to relate the survival and 
growth of forest tree plantings to the degree of soil 
erosion at the time of planting. In effect, this analysis 
was an attempt to isolate the soil erosion factor as one 
of the several site conditions recognized in Table 2. 
The records of all plantations which could be classed 
as having a good, fair, or poor site condition at the 
time of planting were re-examined. Plantings were 
eliminated from further consideration in this anaJ.rsis 
if there was evidence that condition of planting stock, 
planting method, and plantation care were other than 
good. It was hoped that this procedure would elimi-
nate (he confounding effects of most factors other than 
the degree of soil erosion. 
It was found from this re-examination of the 
plantation records, as in Table 2, that the most striking 
reductions in survival which were related to soil ero-
sion were shown by osage-orange and catalpa. Black 
locust and green ash, however showed only slightly 
lower survival on severely eroded sites than on non-
eroded sites. The lack of a strong relationship for most 
of the other species is due, perhaps, to the confound-
ing effects of other factors . The effect of aspect, for 
example, has not been removed in th is analysis, al-
though Table 9 indicates that aspect may have had an 
appreciable effect on plantation survival. Even more 
important may be the interacting effect of competing 
herbaceous vegetation with degree of soil erosion . 
Thus, low survival on a non-eroded site may actually 
be due to the presence of a heavy vegetative cover, 
masking the effect of soil erosion. On the other hand, 
the survival of shortleaf pine appears to be somewhat 
better on eroded than on non-eroded sites. This could 
indicate that shortleaf pine is more sensitive to com-
petition than to soil erosion, although a sparse ground 
cover is characteristic of severely eroded sites. It is evi-
dent that the precise effects of soil erosion on survival 
must await evidence from carefully designed and con-
trolled experiments. 
Minckler (1943), Hopp and Grober (1947), and 
DenUyl (1948), among many others, have pointed out 
that planted hardwoods are more likely to be adversely 
affected by eroded sites than are planted pines. (See 
Figures 7, 8, 9 and 10. On the other hand, Cooper 
(1942), Bennett and Fletcher (1947), Allen (1950), 
Kittredge (1952), and Dingle (1953) found that the 
growth rates of plan ted pines were also less on eroded 
than on non-eroded sites. It is apparent that no broad 
generalizations can be made which are widely appli-
cable. 
Height growth of most species studied was less 
on eroded than on non-eroded sites. Osage-orange 
grew 38 percent slower and black locust 12 percent 
slower on eroded sites, while other species showed 
height growth reductions of less than 12 percent (Fig-
ures 11 and 12). The height growth of shortleaf pine, 
however, showed no serious effects of soil erosion at 
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the time of planting. It is probable that, as with sur-
vival, the exact effects of soil erosion on height growth 
can only be determined from carefully designed and 
controlled experiments. 
Correlation Analysis 
Out of the 1419 plantations which were examined 
in this survey, 138 were considered to have been rea-
sonably free of all effects but the effects of site factors 
on growth. These plantations included 75 coniferous 
plantings. of 16 species and 63 hardwood plantations 
of 11 speCles. T~enty-seven of the coniferous plantings 
were shortleaf pine and 21 of the hardwood plantings 
were black locust. 
An attempt was made to determine the effect of 
several site factors, individually and in combination, 
on site quality for shortleaf pine, using detailed meas-
urements taken in these 27 plantations. It was assumed 
that sit~ quality would be indicated by the average an-
nual heIght growth of dominant trees in plantations 8 
to 12 years old. The several site factors which were 
studie~ as ir:d.ependent variables included: (1) Top-
ograp~lC posltlon, aspect, and slope percentage; (2) in-
filtranon rate of the soil surface; (3 ) thickness of the 
A horizon of the soil profile; (4) volume-weight in 
eac~ soil horizon ; (5) soil reaction (pH) in each soil 
hor:zon ; (6) percent sand, silt, and clay in each soil 
hOrIzon ; (7) plasticity number of each soil horizon; 
(8) mean annual precipitation in inches, during the life 
of the pl~ntation~ and (9) average frost-free period in 
days, dUrIng the lIfe of the plantation. 
Correlation analysis of these data for shortleaf pine 
showed that none of the individual factors was corre-
lated significantly with site quality. Furthermore, all 
of th~se ~actors combined in multiple correlation were 
not SIgnificantly correlated with site quality. For this 
reason, no further attempt was made to correlate site 
factors with the growth of the other species. It was 
concluded that even the 27 plantations of shortleaf 
pine .were too broad and complex for site quality cor-
rela~I?ns . It ~as noted, however, that shortleaf pine 
eX~Iblted a wIde range of growth rates in several plan-
tanons on the Ashland Arboretum and Wildlife Ex-
perimental Area in Boone County, Mo. An intensive 
stl.:dy of these plantations and soils was reported by 
I?lflgl~ and Burns (1954), revealing a positive rela-
tIOnshIp of growth to the thickness and clay content 
of the surface soil horizons. This study constitutes 
further evidence of the importance of local soil factors 
in controlling height growth of trees. 
Grazing 
Many references in the literature reveal that plan-
tations which have been grazed generally have lower 
average survival and height growth than those which 
have been effectively protected from grazing. In the 
course of this survey, several instances were found 
where complete mortality of tree plantings was defi-
nitely due to grazing. However, when the records of 
all plantations which received good, fair, or poor plan-
tatIon care (Table 4) were re-examined in an effort 
to isolate the effects of grazing, the differences in av-
erage survival and height growth were not great. In 
fact, the average survival of two non-palatable species, 
black walnut and eastern redcedar, did not appear to 
be reduced by grazing. All other species showed slight 
reducti~ns .in average survival as a result of grazing by 
domestIC lIvestock. Nevertheless, it is probable that 
much of the effect of poor plantation care on survival 
~ see Table 4) could be attributed to grazing, if graz-
Ing effects could be separated readily from other fac-
tors. This separation was not possible in this study. 
E~cept for black walnut and eastern redcedar, all 
speCles showed a reduction in height growth which 
could be attributed to grazing, ranging from 10 per-
cent for green ash to 28 percent for osage-orange. Black 
wal~ut and eastern redcedar, two common pasture 
speCles, even seemed to make more rapid growth in 
grazed than un-grazed plantations (Figure 13). It is 
possible that these two relatively unpalatable species 
may actually benefit from the removal of competing 
palat.abl.e vegetation by the controlled grazing of do-
mestIc lIvestock. Another possible explanation is that 
more of the grazed plantations of these two species 
we~e situated on better sites than the ungrazed plan-
tatIOns. 
Experimental eviden'c~ from well-designed research 
is. needed before the precise effects of grazing on sur-
VIval and growth can be determined. When they have 
been established, the effects of regulated grazing may 
vary from extremely detrimental to decidedly bene-
ficial, depending upon the species of trees, the kind of 
livestock and the intensity of grazing use. 
Insects 
Of the several tree species studied, plantings of 
~hortleaf pin~ and black locust were most seriously 
Infested WIth Insect pests. Plantations of shortleaf pine 
were often infested with Nantucket pine tipmoth 
(Rhyacionia frustrana (Comst.»)' while black locust 
plantations were usually infested to some extent with 
the locust borer {Megacyllene robinae (Forst.))' Plan-
tations of these two species were occasionally so seri-
ously infested by these insects that most of the trees 
were dead, defective, or deformed (Figure14). Other 
tree species were affected occasionally by insect pests, 
but eIther the tree species was relatively unimportant 
or the infestations were mild, infrequent, or caused no 
Figure 13. -Eastern redcedar, 12 years old, averaging 
14 feet tall and 2.5 inches in diameter at breast height on a 
better than average upland site. This species is susceptible 
to damage by fire but not seriously affected by grazing. 
permanent damage. Still it should be pointed out that 
the pine tipmoth does appreciable damage to all of the 
2 and 3-needle pines, especially old field plantings of 
s hortleaf Virginia, and jack pines. 
A study was made to determine if the susceptibility 
of shortleaf pine and black locust plantations to infes-
tations by these insects was related to soi l area or age 
of the trees. It was expected that the presence or ab-
sence of infestation might be associated with soil areas, 
indicating the areas of least insect risk for the planting 
of these two species. An association of infestation with 
plantation age also might reveal trends in insect popu-
lation as well as periods of greatest susceptibility. 
Nantucket Pine Tip moth in ShortleafPine Plan-
tations: Of 274 plantations of shortleaf pine, 119 or 
43 percent were infested to some extent with tip moth 
at the time of examination. Some plantations were so 
heavily infested that tree mortality had actually occur-
red or seemed imminent (Figure 15). Other planta-
tions were only ligh tly infested . A light infestation, 
however, was regarded as a potential threat to the plan-
tation, and such a planting was therefore classed as in-
fested . Table 12 summarizes these data. 
TABLE 12 -- RELATIONSHIP BETWEEN TIPMOTH 
INFESTATION OF SHORT LEAF PINE 
PLANTATIONS AND SOIL AREA 
Region 
Northeast 
North Central 
Northwest 
West Central 
River Bor der 
Ozark 
Southeast 
Soil 
Area 
A 
B 
C 
D 
E 
F 
G 
Plantations 
Examined 
(No.) 
28 
19 
23 
52 
34 
102 
16 
Plantations 
Infested 
(%) 
25 
33 
15 
58 
68 
39 
68 
Figure 14 - Black locust plantation, I S years old, on 
an old-field with a tight, plastic subsoil. The trees are 
usually riddled with the locust borer on these sites, and 
subject to serious die-back and top breakage. 
These figures indicated that plantations of shortleaf 
pine in north Missouri were lightly infested by tip-
moth those in the Ozarks were moderately infested 
and those in the areas immediately surrounding the 
Ozarks (D, E, and G) were heavily infested by tip-
moth, ranging from 15 to 68 percent infestation. A no-
ticeably large proportion of the infested plantings in 
the west central region (soil area D) were observed to 
be heavily infested . The only serious mortality, ap-
parently caused by tip moth, was found in this area. 
Elsewhere in the state, and especially in the north, the 
infested plantings were less severely damaged by tip-
moth. Where heavy tipmoth damage occurred, it fre-
quently was observed that plantings of several ages 
were located close together. Such conditions may be 
conducive to a build-up of tipmoth populations so 
Figu re IS.-Recurring tip-moth d amage to the ter-
minal twigs of this Virginia p ine resulted in its poor form. 
Figure 16 .. -.Shorrieaf pine plantation in the Ozarks, 
16 years old, whICh has outgrown the heavy tipmoth in-
festation of its early years. 
that the youngest plantations become heavily infested 
and are noticeabl y damaged. 
. The moderate infestation of shortleaf pine plantings 
In the .Ozark region, (soil area F) was observed to vary 
fro~ ltght near the center of the region to heavy in the 
penp.heral.areas. The natural range of short1eaf pine 
In Mlssoun also centers near the middle of the Ozark 
r~gion and stops short of this region's outer extremi-
tles. The most serious infestations in this region, there-
fore, are at and just beyond the northern limits of its 
natural range. 
Craighead (1950) points out that this is to be ex-
pected because natural control of the insect is usually 
mos~ effective within the natural range of the host 
speC1es. 
Shortleaf pine is, without doubt, the best of the 
southern pines for planting in Missouri. It suffers least 
from ice damage [Abel (1948), Minckler (1948 b)]. 
The northern and southern extremities of Missouri lie 
within the latitudinal range of shortleaf pine on the 
east coast. However, the climate and clay pan soils of 
north Missouri prairies raise some doubts about the 
wisdom of planting shortleaf pine in that region. It 
may not be sufficiently acclimated to north Missouri 
to produce sawtimber. On sheltered slopes however 
experience may show that it can be grown s~ccessfull; 
for other products or services, particularly if the plant-
ing stock is produced from tree seed collected near 
the northern limit of its natural range. As yet, there 
are no plantations in north Missouri which are old 
enough to prove or disprove these considerations. Evi-
dence from other states and nations shows in general 
that plantations which are started on site~ that diffe; 
grea~ly from t?ose foun.d in the natural range of the 
speCIes are subject to senous damage from climate in-
sects, and diseases. ' 
The number of shortleaf pine plantations infested 
with .tipmoth indicates a relationship to age of the 
planting, as shown in Table 13. 
TABLE 13 -- RELATIONSmp OF TIPMOTH INFESTATION 
TO AGE OF SHORT LEAF PINE PLANTATIONS 
Age 
Years 
1 - 4 
5 - 8 
9 - 12 
Plantations 
Examined 
{No.} 
87 
80 
107 
Plantations 
Infested 
{%} 
28 
55 
47 
. These d~ta re.veal tha~ the proportion of plantations 
Infested.wIth tlpmoth I?CreaSes at first with the age 
~f planting, but perceptIbly decreases later in planta-
tlO?S 9 to ~2 y~ars old. The relatively low percentage 
of In.festatlon In th.e youngest plantings is evidence 
that It takes some tIme for infestations to become no-
ticeable .. Th~s also indicates that the nursery stock was 
~ot heavIly mfested with tipmoth at the time of plant-
Ing. 
Gra~am and Baumhofer (1930) found that injury 
fr?m tlpm?th fell off rapidly after planted pines at-
ta~ned a heIght of 100 inches. Wakeley (1935), Afan-
a~lev and. F~nton (1947) and others also reported that 
~Ipmoth InjUry :was serious only on ((young pines." It 
IS ~enerally belteved that as pine plantations reach a 
heIght greater than the flight pattern of the adult tip-
moth, usually 6 to 12 feet, the trees become less sus-
ceptible to tipmoth damage. The results of this study 
tend to support this explanation (Figure 16). 
Locust Borer Damage in Black Locust Planta-
tions: Of 254 plantations of black locust, 173 or 68 
percent were noticeably damaged by the locust borer. 
Killing of tops and breakage of stems by wind result-
ed from borer activity, leaving few usable boles in 
these ~tands. On the other hand, some plantings were 
only lIghtly infested, with little evidence of damage. 
~ light infestation, however, was regarded as a poten-
nal threat to the plantation, and such plantings, there-
fore, were classed as infested. These data are summar-
ized in Table 14. 
TABLE 14 -- RELATIONSHIP BETWEEN LOCUST BORER 
INFESTATION AND SOIL AREA 
Region 
Northeast 
North Central 
Northwest 
West Central 
River Border 
Ozark 
Southeast 
Soil 
Area 
A 
B 
C 
D 
E 
F 
G 
Plantations 
Examined 
{No.} 
49 
37 
41 
42 
24 
34 
27 
Plantations 
Infested 
(%) 
73 
62 
73 
55 
62 
62 
70 
These data reveal the strikingly high percentage of 
locust borer infestation and its uniformity in black lo-
cust plantations from one soil area to another through-
out the state. During field examinations, however, it 
seemed apparent that locust borer damage varied con-
siderably from site to site within a given soil area. For 
example, in the rich river hills loessial deposits of the 
river border region, the locust borer appeared to cause 
noticeably less damage than elsewhere in that region. 
A carefully designed experiment might prove this em-
pirical observation. 
Black locust plantations generally have been set out 
on sites which are incapable of producing thrifty, vig-
orous trees. This may account for the uniformly high 
infestation of the borer in this species as infestation is 
usually severe where tree vigor is low. Hall (1933), 
Berry (1945), Hopp and Grober (1947), and Goggans 
and May (1950), among others, have pointed out that 
heavy infestations of the borer can be expected in black 
locust plantations on severely eroded and gullied fields 
where tree vigor is low (Figure 14). Other investiga-
tions have shown that best tree vigor and least borer 
damage occur on soils which are deep, well aerated and 
well-drained, but not drouthy. Among these studies, 
those by Roberts (1939), Hall (1942), Auten (1945, 
1947), and Minckler (1948a) describe the soil situa-
tions in which black locust grows vigorously with 
minimum borer damage (Figure 17). It appears that 
vigorous growth of black locust cannot be expected 
where subsoils are dense and plastic, as on the broad, 
flat, uplands characteristic of much of the state, par-
ticularly north and west Missouri. 
The proportion of black locust plantations infested 
with the borer was related to age of planting, as shown 
in Table 15. 
TABLE 15 -- RELATIONSHIP OF BORER INFESTATION 
TO AGE OF BLACK LOCUST PLANTATIONS 
Age 
Years 
1 - 4 
5 - 8 
9 - 12 
Plantations Plantations 
Examined Infested 
{No.} (%) 
75 43 
82 77 
97 80 
These data indicate that the proportion of planta-
[ions infested with the locust borer increases with age, 
rapidly at first, but levels off after about 9 years. 
Thus, if a plantation is not already infested with 
borers by the time it is 9 years old, the likelihood of 
subsequen t infestation is small. Damage to planta-
tions beyond this age, however, has been observed 
during prolonged drought periods. 
From the evidence presented in Tables 14 and 15, 
it is obvious that serious borer damage to black locust 
plantations is almost inevitable on sites too poor for 
optimum growth and vigor of the trees. Nevertheless, 
because of its rapid growth on properly selected sites, 
and the high durability of its heartwood, black locust 
should continue to be an important species for plant-
ing in Missouri, especially when the purpose is to grow 
durable fence posts in a short period of years. 
Several investigators have reported that borer dam-
age can be reduced by planting black locust in various 
mixtures with other species, principally other natural-
ly durable fence-post species like northern catalpa, 
osage-orange and red mulberry. In addition to mini-
mizing borer damage to the locust trees, the other 
species in mixed plantings often grow more rapidly 
when associated with the locust trees. Hopkins (1907), 
Cope (1929), McIntyre and Jeffries (1932), Hall (1933 
and 1942), Chapman (1935), and Craighead (1950) 
have all reported on the mutual benefits from mixed 
plantings of black locust and other species. Chapman 
(1935) found that the faster growth rate of several 
hardwoods extended to distances of 6 to 24 feet from 
planted black locusts. An instance was found in the 
present survey where both height and diameter of ca-
talpa trees were definitely increased within a distance 
of 18 feet from the nearest row of black locust trees. 
These findings suggest the possibility of 36- x 36-foot 
block plantings of black locust, alternating with the 
other naturally durable fence-post species. Further in-
formation based on research studies is needed before 
recommendations can be made. It should be pointed 
out that catalpa, osage-orange, and red mulberry, like 
black locust, require rich, well-drained sites for their 
best survival and growth. It is doubtful, however, if 
the benefits from mixed plantings on poor sites would 
equal the survival and growth of pure plantings on 
good sites. 
CONCLUSIONS 
Within the limitations of the survey procedure 
employed, the following general conclusions may be 
drawn: 
Statewide Survival 
(Table 7) 
1. The average survival of 1283 plantations of 
Figure 17. - Thrifty black locust plantation on rich 
river hill soil, Weldon Spring Experimental Farm. The 
trees are 14 years old, 35 feet tall, and are free of locust 
borer damage. 
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nine species, established between 1937 and 1948, was 
44 percent. 
2. Of the nine tree species studied, black locust, 
with 64 percent, and green ash, with 57 percent, had 
the highest average survival. 
3. Catalpa, osage-orange, and shortleaf pine had 
average survivals between 40 and 50 percent. 
4. Eastern redcedar, black walnut, jack pine, and 
ponderosa pine had average survivals between 25 and 
35 percent. 
Good Planting Practices Resulted in 
High Survival 
(Table 6) 
5. With good planting practices in every respect, 
all species except black walnut and ponderosa pine 
had average survivals greater than 50 percent. 
6. Jack pine, shortleaf pine, osage-orange, and 
green ash showed a 25 to 30 percent increase in surviv-
al as a result of good planting practices. For the other 
species, this improvement in survival ranged from 9 to 
20 percent. 
7. Good planting practices include the following ; 
good planting stock, a well-selected and properly pre-
pared site, proper planting methods, and adequate 
protection and care after planting. All of these are fac-
tors over which man has the dominant control. Fail-
ure in any or all of these planting practices usually 
resulted in unsatisfactory survival or complete 
failure. 
Height Growth 
(TableS) 
8. Black locust made the fastest average growth 
in height, with green ash ranking second, and catalpa, 
shortleaf pine, and black walnut grouped in third 
place. Osage-orange and eastern redcedar were in 
fourth place, and ponderosa pine had the slowest rate 
of height growth of the several species studied. Better 
growth rates than those indicated can be expected on 
properly established plantations on rich, moist, but 
well-drained sites. In general, plantations had been 
established on sites which were not suited to the best 
growth of these tree species, such as land abandoned 
from agricultural crop production, or otherwise too 
poor for farm crops. 
Importance of Planting Right Species 
9 .. Higher surviva.l can be expected from properly 
estabhshed tree plantmgs in the northeast river bor-
der, and southeast regions than from those in the 
northwest, west, and ozark regions (Table 10). 
10 .. Averag~ survival was consistently higher for 
all speCles studIed on the cool , moist, north and east-
facing slopes than on the warm, dry, south and west-
facing slopes. Survival of jack pine was most affected 
by differences in aspect (Table 9) . 
. 11. Osage-orange and catalpa plantations had sig-
ntficantly lower survival on eroded sites than on non-
eroded sites. Black locust and green ash plantations 
also had somewhat lower survival on eroded sites 
Height growth of most species studied was less on 
eroded than on non-eroded sites (Figures 7-12) . 
12. Except for black walnut and eastern redcedar, 
all species showed a reduction in height growth which 
could be attributed to grazing (Figures 13) . 
13. Forty-three percent of the shortleaf pine plan-
tations examined throughout the state were infested to 
some extent by tipmoth. Plantings in north Missouri 
were lightly infested, those in the Ozarks were modera-
tely infested, and those in the regions immediately 
surrounding the Ozarks were heavily infested by tip-
moth (Table 12, Figures 15 and 16) . 
14. The proportion of shortleaf pine plantations 
infested with tipmoth increases at first with the age of 
the planting, but perceptibly decreases later in plan-
tations 9 to 12 years old (Table 13 ). 
15 Sixty-eight percent of the black locust plan-
tations were noticeably damaged by the locust borer. 
The proportion of infested plantings was rather uni-
form from region to region throughout the state 
(Table 14) . 
16. The proportion of locust plantings infested 
with borer increases with age, rapidly at first, but level-
ing off after about 9 years (Table 15). 
17. Serious damage from the locust borer is al-
most inevitable on sites too poor for optimum growth 
and vigor of the trees (Figure 14). 
RECOMMENDATIONS FOR 
FUTURE RESEARCH 
Based on the findings and experience of this 
survey, it appears that further research along the fol-
lowing lines is most urgently needed to help solve 
tree planting problems in Missouri. 
1. Relationship of site conditions to survival and 
growth: Experimental plantings should be established 
under a wide variety of site conditions throughout the 
state. In north and west Missouri major emphasis 
should be placed on species adaptability for windbreaks 
and fence post plantings, with secondary emphasis on 
Christmas tree, erosion control, wildlife, and saw-
timber species. 
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2. Improvement of planting practices : Further 
studies should be made to determine what planting 
practices are required for successful tree plantings, 
with special emphasis on site preparation, season and 
time, and method of planting, including the use of 
tree planting machines. 
3. Mixed plantings: Relative success of various 
species mixtures, particularly the naturally durable 
fence poSt species such as osage-orange, hardy catalpa, 
black locust, red mulberry, and eastern redcedar. 
4. Development of genetically superior planting 
stock: An effort should be made to determine if indi-
vidual plants of black locust and shonleaf pine possess 
an inherent resistance or immunity to attacks of lead-
ing insect pests. For example, a form of black locust 
which is resistant to the locust borer has been reported 
in the central states area. Further study should be made 
with regard to geographical races which are best ac-
climated to Missouri conditions. The location of 
"elite" individuals which possess superior character-
istics of tree form and growth rate should be noted. 
Attempts should be made to propagate these trees 
vegetatively with a view to the eventual development 
of "seed source orchards." 
5. Improvement in nursery practices. The nursery 
should explore the opponuni ties for producing tree 
seedlings of better quality at the same or lower cost. 
Grade standards by species are needed, together with 
further knowledge of the techniques required. A small 
greenhouse would be of considerable value in con-
trolled experiments. 
6. Tipmoth infestation of shortleaf and other 
pines: Further study is needed to determine the origin 
and subsequent development of tipmoth infestations 
in pine plantations in north Missouri. 
SUMMARY 
A survey was made of 1419 farm plantings of for-
est trees established between 1937 and 1948 from seed-
lings supplied by the Missouri Conservation Commis-
sion. The objective of this survey was to determine 
the average survival and growth as related to (1) 
species, (2) planting practices, and (3) site factors. It 
was expected that this s'urvey would reveal the prin-
cipal opportunities for establishing more successful 
tree plantings in Missouri. It was hoped that these 
findings also might provide important leads to prob-
lems requiring additional research for their solution. 
For each plantation that was visited, information 
was obtained by personal interview, usually with the 
planter, on the condition of the planting stock, condi-
tion of the site, planting method, and plantation care, 
collectively termed "planting practices" in this report. 
In addition, direct observations and measurements of 
survival, growth, and growing conditions were made 
within each plantation, including the several site fact-
ors. 
The principal conclusions of this survey are: 
1. Survival and early growth of forest plantings 
are related direct! y to the excellence of the planting 
practices which are used by the planter. 
2 . Success of forest plantings also is dependent 
upon the species and the site. Abundant evidence was 
found that even with good planting practices, survival 
and early growth were much better when the proper 
species were planted on productive land. 
3. The periodic recurrence of hot, dry, mid-sum-
mer weather in Missouri is an outstanding threat to the 
success of forest tree plantations. 
4. Insect damage to plantations of black locust, 
shortleaf pine, and jack pine is common in Missouri. 
Damage from tipmoth to shortleaf pine is greatest in 
areas surrounding the tree's natural range in the 
Ozarks. Damage from locust borer to black locust is 
relatively uniform throughout the state, but heaviest 
in a given region on the poorest sites. 
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